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Objective: Uncertainty remains regarding antithrombotic treatment in cervical artery dissection. This analysis aimed to
explore whether certain patient profiles influence the effects of different types of antithrombotic treatment.
Methods: This was a post hoc exploratory analysis based on the per-protocol dataset from TREAT-CAD (NCT02046460), a
randomized controlled trial comparing aspirin to anticoagulation in patients with cervical artery dissection. We explored the
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potential effects of distinct patient profiles on outcomes in participants treated with either aspirin or anticoagulation. Profiles
included (1) presenting with ischemia (no/yes), (2) occlusion of the dissected artery (no/yes), (3) early versus delayed treat-
ment start (</>median), and (4) intracranial extension of the dissection (no/yes). Outcomes included clinical (stroke, major
hemorrhage, death) and magnetic resonance imaging outcomes (new ischemic or hemorrhagic brain lesions) and were
assessed for each subgroup in separate logistic models without adjustment for multiple testing.
Results: All 173 (100%) per-protocol participants were eligible for the analyses. Participants without occlusion had
decreased odds of events when treated with anticoagulation (odds ratio [OR] = 0.28, 95% confidence interval
[CI] = 0.07–0.86). This effect was more pronounced in participants presenting with cerebral ischemia (n = 118;
OR = 0.16, 95% CI = 0.04–0.55). In the latter, those with early treatment (OR = 0.26, 95% CI = 0.07–0.85) or without
intracranial extension of the dissection (OR = 0.34, 95% CI = 0.11–0.97) had decreased odds of events when treated
with anticoagulation.
Interpretation: Anticoagulation might be preferable in patients with cervical artery dissection presenting with ischemia
and no occlusion or no intracranial extension of the dissection. These findings need confirmation.

ANN NEUROL 2024;95:886–897

Cervical artery dissection is a leading cause of stroke in
young adults.1 The question of optimal anti-

thrombotic therapy for the prevention of stroke in patients
with cervical artery dissection remains unresolved.2,3 Cur-
rently, both anticoagulation and antiplatelets (aspirin or dual
antiplatelets)3 are used in cervical artery dissection patients.4

Two randomized controlled trials—Cervical Artery Dis-
section in Stroke Study (CADISS)5,6 and the biomarkers and
antithrombotic treatment in cervical artery dissection trial
(TREAT-CAD)7,8—compared these treatment regimens.
However, neither of the trials nor a study-level meta-
analysis of the aggregated study data—which was publi-
shed within the 2021 European Stroke Organsation
(ESO) guidelines2—was able to solve the clinically rele-
vant question of whether to prefer antiplatelets or anti-
coagulants in cervical artery dissection patients.2,3,5,6,8

Thus far, the allocation of cervical artery dis-
section patients to antithrombotic treatment regimens has
followed a universal approach in disregard of proven hetero-
geneity in patient-level baseline profiles.4 From observational
studies, we know that clinical and imaging baseline character-
istics such as occlusion of the dissected artery or presentation
with cerebral ischemia increase the risk of cervical artery
dissection-related stroke.9–16 However, it is unknown
whether the effect of antithrombotic treatment depends on
such patient profiles and which treatment regimen would be
preferable for individual patients. Analyses based on observa-
tional data will not be able to answer this question, as treat-
ment allocation in a nonrandomized setting is biased by the
preferences of patients and treating physicians.17 With these
considerations in mind, we performed subgroup analyses on
the dataset of the TREAT-CAD randomized trial to explore
whether the treatment effect differs with the presence versus
absence of specific patient profiles.

Patients and Methods
We based our analyses on the complete per protocol
dataset of the TREAT-CAD randomized trial

(NCT02046460).8,18 The trial was approved by all the
responsible legal authorities and ethics committees of the
participating centers, and the main results of the trial were
published in 2021.7,8

In brief, TREAT-CAD was a multicenter, random-
ized, open-label, noninferiority trial with blinded assess-
ment of endpoints. Participants aged ≥18 years with
symptomatic carotid or vertebral artery dissection verified
by magnetic resonance imaging (MRI) were randomly
assigned to receive either aspirin 300mg daily or anti-
coagulation (vitamin K antagonists with lead-in heparin)
for 90 days within 14 days of symptom onset. In patients
randomized to anticoagulation therapy, bridging treat-
ment with intravenous heparin or low-molecular-weight
heparin was recommended until the target International
Normalized Ratio (INR) (2, 3) was achieved. The type
of vitamin k antagonist used as anticoagulation therapy
or the decision to use bolus therapy was left to local
practice.8 The primary endpoint was a composite of
clinical (ischemic stroke, major extracranial or intracra-
nial hemorrhage, death assessed at 90 � 30 days) and
MRI outcomes (new ischemic or hemorrhagic brain
lesions assessed at 14 � 10 days after commencing
treatment).7,8 The per protocol population included
participants who had a dissection verified by MRI
criteria (centrally adjudicated), who received the allo-
cated treatment and completed the assessment period.8

Written informed consent from the patient or next of
kin was required before enrollment.8

Among the 173 study participants included in the
per protocol analyses, the primary endpoint occurred in
21 of 91 (23.1%) participants in the aspirin group and
in 12 of 82 (14.6%) participants in the anticoagulation
group. The absolute difference was 8.4% (95% confidence
interval [CI] = �4.3 to 21.2%) in favor of anticoagulation,
indicating that noninferiority of aspirin over anticoagulation
was not shown. However, superiority of anticoagulation
was also not shown (p for noninferiority = 0.55, nonin-
feriority margin = 12%).8
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Identification of Patient Profiles of Interest
Among the systematically ascertained baseline characteris-
tics in TREAT-CAD,8 we identified patient profiles with
a putative impact on the occurrence of clinical or MRI
outcomes according to the literature6,9,11–14,19–25 and
defined the following dichotomous subgroups:

presenting with cerebral ischemia—either clinical
ischemic events (including transient ischemic attacks,
amaurosis fugax, retinal infarction, and ischemic stroke),
MRI lesions, or both—versus presenting with local symp-
toms only6,11,13,14; occlusion of the dissected artery at
baseline defined as (1) flow or (2) no-flow in contrast-
enhanced magnetic resonance angiography sequences, in
line with prior research (no/yes)9,11,14; early versus delayed
treatment start (divided by the median of the study popu-
lation at 6 days)13,22; acute recanalization therapy includ-
ing intravenous thrombolysis and/or endovascular therapy
(no/yes)20,23; intracranial extension of the dissected artery
(no/yes)24,25; site of dissection defined as internal carotid
artery dissection versus vertebral artery dissection11; single
versus multivessel dissection11,12; younger versus older age
(divided by the median of the study population at
47 years)19; and male versus female21 (Table S1, patient
profile selection statement based on literature search).

Post hoc, we added the imaging feature of presence
versus absence of a mural hematoma in the dissected
artery.

Statistical Analysis
We based our analyses on the per protocol dataset, as we
only wanted to include patients with a verified cervical
artery dissection diagnosis and who had received the ran-
domly allocated treatment according to the study proto-
col (Fig 1).

First, the aforementioned dichotomous subgroups
were compared regarding the distribution of the type of
antithrombotic treatment (ie, aspirin or anticoagulation)
and the frequency of primary endpoints using chi-squared
and Fisher exact tests.

Second, we performed exploratory post hoc sub-
group analyses with logistic regression models. Outcomes
were defined as a composite of clinical (ischemic stroke,
severe extracranial or intracranial hemorrhage, death) and
MRI outcomes (new ischemic or hemorrhagic brain lesions).
Predictors were antithrombotic treatment (aspirin vs anti-
coagulation) and a dichotomized patient profile. A separate
model was estimated for each subgroup, with marginal effects
expressed by odds ratio (OR) with 95% CI.26

Third, we repeated the aforementioned subgroup
analyses in participants who had presented with cerebral
ischemia—that is, either clinical ischemic events, MRI
lesions, or both—at baseline. All but one of the primary

endpoints in TREAT-CAD occurred in such participants,
indicating a higher risk for recurrent stroke and thus
potentially differential treatment effects in such patients
(see Fig 1).

We did not adjust for multiple testing. The results
were summarized in forest plots. All analyses were per-
formed using the statistical software R (v4.1.0; R Core
Team 2021).

Post hoc, we assessed the frequencies of (1) clinical
outcomes (ischemic stroke, major extracranial or intracra-
nial hemorrhage, or death) and (2) functional outcomes
(dichotomized into favorable (modified Rankin Scale
[mRS] 0–2) versus unfavorable [mRS 3–6] outcome)
across subgroups and stratified by type of antithrombotic
treatment.

Results
Study Population
All 173 study participants (100%) of the TREAT-CAD
per-protocol dataset were eligible for analyses. The median
age was 47 years (interquartile range = 37–54), and
63 (36%) were women. The carotid artery was affected in

FIGURE 1: Consolidated Standards of Reporting Trials
(CONSORT) flowchart. *Four participants (2 in each group)
met more than one of these criteria. Of the 14 participants
who had crossed over from one treatment arm to the other,
none had experienced an outcome event (neither clinical nor
magnetic resonance imaging [MRI] outcome) prior to or after
the crossover had happened. [Color figure can be viewed at
www.annalsofneurology.org]
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105 participants (61%), whereas the vertebral artery was
affected in 55 (32%) participants. Occlusion of the dis-
sected artery at baseline was found in 55 participants
(32%). A total of 118 participants (68%) presented with
cerebral ischemia (either clinical ischemic events, MRI
lesions, or both; Tables 1–4).

Distribution of the Type of Antithrombotic
Treatment and Primary Outcomes
The distribution of the allocated treatment across all
patient profiles was balanced within the predefined sub-
groups (see Tables 1–3).

Clinical or MRI outcomes occurred significantly
more often (1) in participants with occlusion (16/55,
29%) than in those without (16/117, 14%; p = 0.03),
(2) in participants presenting with baseline cerebral ische-
mia (32/118, 28%) than in those with local symptoms
only (1/55, 2%; p < 0.001), and (3) in participants who
had acute recanalization therapy (11/23, 48%) than in
those without such a therapy (22/150, 15%; p < 0.001).
For all other patient profiles—in particular early versus
delayed treatment start and presence or absence of intra-
cranial extension of dissected artery—there was no differ-
ence in frequency of outcome events across the predefined
subgroups (see Tables 1–3; Table S2, baseline and out-
come table with subgroups separated into allocated
treatment).

Treatment Effect
A possible differential treatment effect between type of
antithrombotic treatment and presence versus absence
of dissected artery occlusion was observed. Specifically,
participants without occlusion had decreased odds of
clinical or MRI outcomes under anticoagulation treat-
ment compared to under aspirin (OR = 0.28, 95%
CI = 0.07–0.86), whereas among participants with
occlusion such a treatment effect was not observed
(OR = 1.6, 95% CI = 0.49–5.26).

For all other patient profiles and their subgroups,
there were (1) no associations regarding the type of treat-
ment and the odds of clinical or MRI outcomes and
(2) no suspected differential treatment effect between anti-
thrombotic treatment effect and the distinct patient base-
line profiles (Fig 2).

Treatment Effects among Participants
Presenting with Cerebral Ischemia
A total of 118 participants presented with cerebral ische-
mia, of whom 60 (51%) were treated with anticoagulation
and 58 (49%) with aspirin. Of the overall 33 outcome
events, 32 (97%) occurred in those participants presenting
with cerebral ischemia. Among such participants, those

without dissected artery occlusion had decreased odds of
outcome events when treated with anticoagulation com-
pared to with aspirin (OR = 0.16, 95% CI = 0.04–0.55).
Furthermore, in participants presenting with cerebral
ischemia, those with early treatment (OR = 0.26,
95% CI = 0.07–0.85) and those without intracr-
anial extension of the dissection (OR = 0.34, 95%
CI = 0.11–0.97) had decreased odds of outcome events
when treated with anticoagulation as compared to
aspirin (Fig 3).

The post hoc analyses of the distribution of (1) purely
clinical outcomes and (2) dichotomized functional outcomes
are displayed in Tables S3 and S4, respectively.

Discussion
Our post hoc analyses of the dataset of the TREAT-CAD
randomized trial revealed the following key findings. (1) Partic-
ipants without occlusion of the dissected artery had decreased
odds of outcome events when treated with anticoagulation
compared to with aspirin. (2) This effect was particularly nota-
ble in participants presenting with cerebral ischemia. (3) In
participants presenting with cerebral ischemia, those with early
treatment or those without intracranial extension of the dis-
section had decreased odds of outcome events when treated
with anticoagulation as compared to aspirin.

Occlusion of the dissected artery was previously
shown to be an important predictor of delayed ischemic
events in cervical artery dissection patients.9,11,14 Sponta-
neous recanalization of an occluded dissected artery can
lead to thromboembolism from the arterial lesion.27

Although stroke mechanisms in cervical artery dis-
section patients are not fully understood, prior analyses of
infarct patterns in participants with cervical dis-
section showed that ischemic events are mostly of embolic
origin.28 One might assume that for the prevention of
embolic events a more aggressive treatment regimen (ie,
anticoagulation) would be beneficial. Counterintuitively,
in our analyses, there was no differential treatment effect
in participants with dissected artery occlusion, meaning
that such participants did not benefit more from either
treatment approach than from the other. Reasons for this
remain elusive. We might infer that in the event of recan-
alization with subsequent embolism, neither treatment
approach (vitamin K antagonists nor aspirin) is sufficiently
effective and potent to prevent cerebral ischemia. This
finding remains to be confirmed and might prompt for an
intensified search for an alternative, more potent treatment
approach in such patients—for example, specifically test-
ing direct oral anticoagulants in such patients.

On the contrary, participants without dissected
artery occlusion—indicating a lower risk of delayed
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TABLE 1. Baseline Characteristics of the Patient Profiles

Characteristic

Patient Profile

Presenting Signs
and Symptoms Occlusiona

Early versus Delayed
Treatment Start

Subgroup

Local Symptoms
Only Cerebral Ischemia No Yes

Below the
Median,
<7 Days

Above the Median
≥7 Days

Patients, n 55 118 117 55 88 85

Age, yr, median (IQR) 47.00

(38.00–54.50)

47.00

(38.00–53.75)

47.00

(36.00–53.00)

49.00

(41.00–55.50)

46.50

(38.00–53.25)

48.00

(38.00–54.00)

Female, n (%) 21 (38.2) 42 (35.6) 44 (37.6) 18 (32.7) 37 (42.0) 26 (30.6)

Male, n (%) 34 (61.8) 76 (64.4) 73 (62.4) 37 (67.3) 51 (58.0) 59 (69.4)

Internal carotid artery dissection,

n (%)b
43 (78.2) 62 (52.5) 71 (60.7) 33 (60.0) 57 (64.8) 48 (56.5)

Vertebral artery dissection, n

(%)b
9 (16.4) 46 (39.0) 34 (29.1) 21 (38.2) 27 (30.7) 28 (32.9)

Multivessel dissection; no,

n (%)

52 (94.5) 108 (91.5) 105 (89.7) 54 (98.2) 84 (95.5) 76 (89.4)

Multivessel dissection; yes,

n (%)

3 (5.5) 10 (8.5) 12 (10.3) 1 (1.8) 4 (4.5) 9 (10.6)

Occlusion; no, n (%) 50 (90.9) 67 (57.3) 117 (100.0) 0 (0.0) 58 (66.7) 59 (69.4)

Occlusion; yes, n (%) 5 (9.1) 50 (42.7) 0 (0.0) 55 (100.0) 29 (33.3) 26 (30.6)

Cerebral ischemia; no, n (%) 55 (100.0) 0 (0.0) 50 (42.7) 5 (9.1) 28 (31.8) 27 (31.8)

Cerebral ischemia; yes, n (%) 0 (0.0) 118 (100.0) 67 (57.3) 50 (90.9) 60 (68.2) 58 (68.2)

Time from symptom onset to

start of allocated treatment,

days, mean (IQR)

7.02 (4.79) 6.82 (4.34) 6.88 (4.41) 6.91 (4.70) 3.60 (1.59) 10.28 (3.93)

Acute recanalization therapy;

no, n (%)

55 (100.0) 95 (80.5) 102 (87.2) 47 (85.5) 78 (88.6) 72 (84.7)

Acute recanalization therapy;

yes, n (%)

0 (0.0) 23 (19.5) 15 (12.8) 8 (14.5) 10 (11.4) 13 (15.3)

Intracranial extension; no, n (%) 43 (78.2) 83 (70.3) 95 (81.2) 30 (54.5) 61 (69.3) 65 (76.5)

Intracranial extension; yes,

n (%)

12 (21.8) 35 (29.7) 22 (18.8) 25 (45.5) 27 (30.7) 20 (23.5)

Mural hematoma; no, n (%) 1 (1.8) 111 (94.1) 5 (4.3) 3 (5.5) 2 (2.3) 6 (7.1)

Mural hematoma; yes, n (%) 54 (98.2) 7 (5.9) 112 (95.7) 52 (94.5) 86 (97.7) 79 (92.9)

Aspirin, n (%) 33 (60.0) 58 (49.2) 58 (49.6) 32 (58.2) 43 (48.9) 48 (56.5)

Anticoagulants [VKA], n (%) 22 (40.0) 60 (50.8) 59 (50.4) 23 (41.8) 45 (51.1) 37 (43.5)

�p, chi-squared test 0.24 0.37 0.40

Primary endpoint; no, n (%) 54 (98.2) 86 (72.9) 101 (86.3) 39 (70.9) 72 (81.8) 68 (80.0)

Primary endpoint; yes, n (%) 1 (1.8) 32 (27.1) 16 (13.7) 16 (29.1) 16 (18.2) 17 (20.0)

�p, chi-squared test <0.001c 0.03c 0.91

IQR = interquartile range; VKA = vitamin K antagonists.
aData missing for one participant.
bMultivessel dissections were excluded from this patient profile (n = 13).
cStatistically significant.
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TABLE 2. Baseline Characteristics of the Patient Profiles

Characteristic

Patient Profiles

Intracranial Extension of the

Cervical Artery Dissection

Acute Recanalization

Therapy Site of Dissectiona

Subgroups

No Yes No Yes

Internal Carotid

Artery Dissection

Vertebral

Artery Dissection

Patients, n 126 47 150 23 105 55

Age, yr, median (IQR) 46.50 (37.25–53.00) 50.00 (39.50–57.00) 47.00 (37.00–54.75) 48.00 (42.00–53.00) 50.00 (43.00–55.00) 38.00 (31.00–47.00)

Female, n (%) 46 (36.5) 17 (36.2) 55 (36.7) 8 (34.8) 33 (31.4) 25 (45.5)

Male, n (%) 80 (63.5) 30 (63.8) 95 (63.3) 15 (65.2) 72 (68.6) 30 (54.5)

Internal carotid artery

dissection, n (%)b
76 (60.3) 29 (61.7) 91 (60.7) 14 (60.9) 105 (100.0) 0 (0.0)

Vertebral artery dissection,

n (%)b
38 (30.2) 17 (36.2) 49 (32.7) 6 (26.1) 0 (0.0) 55 (100.0)

Multivessel dissection;

no, n (%)

114 (90.5) 46 (97.9) 140 (93.3) 20 (87.0) 105 (100.0) 55 (100.0)

Multivessel dissection;

yes, n (%)

12 (9.5) 1 (2.1) 10 (6.7) 3 (13.0) 0 (0.0) 0 (0.0)

Occlusion; no, n (%) 95 (76.0) 22 (46.8) 102 (68.5) 15 (65.2) 71 (68.3) 34 (61.8)

Occlusion; yes, n (%) 30 (24.0) 25 (53.2) 47 (31.5) 8 (34.8) 33 (31.7) 21 (38.2)

Cerebral ischemia; no, n (%) 43 (34.1) 12 (25.5) 55 (36.7) 0 (0.0) 43 (41.0) 9 (16.4)

Cerebral ischemia; yes, n (%) 83 (65.9) 35 (74.5) 95 (63.3) 23 (100.0) 62 (59.0) 46 (83.6)

Time from symptom onset

to start of allocated

treatment, days, mean (IQR)

6.85 (4.07) 6.98 (5.46) 6.87 (4.61) 6.96 (3.57) 6.59 (4.34) 7.36 (4.95)

Acute recanalization therapy;

no, n (%)

109 (86.5) 41 (87.2) 150 (100.0) 0 (0.0) 91 (86.7) 49 (89.1)

Acute recanalization therapy;

yes, n (%)

17 (13.5) 6 (12.8) 0 (0.0) 23 (100.0) 14 (13.3) 6 (10.9)

Intracranial extension;

no, n (%)

126 (100.0) 0 (0.0) 109 (72.7) 17 (73.9) 76 (72.4) 38 (69.1)

Intracranial extension;

yes, n (%)

0 (0.0) 47 (100.0) 41 (27.3) 6 (26.1) 29 (27.6) 17 (30.9)

Mural hematoma; no, n (%) 4 (3.2) 4 (8.5) 7 (4.7) 1 (4.3) 4 (3.8) 4 (7.3)

Mural hematoma; yes, n (%) 122 (96.8) 43 (91.5) 143 (95.3) 22 (95.7) 101 (96.2) 51 (92.7)

Aspirin, n (%) 66 (52.4) 25 (53.2) 76 (50.7) 15 (65.2) 59 (56.2) 24 (43.6)

Anticoagulants [VKA], n (%) 60 (47.6) 22 (46.8) 74 (49.3) 8 (34.8) 46 (43.8) 31 (56.4)

�p, chi-squared test 1 0.28 0.26

Primary endpoint; no, n (%) 106 (84.1) 34 (72.3) 128 (85.3) 12 (52.2) 83 (79.0) 9 (69.2)

Primary endpoint; yes, n (%) 20 (15.9) 13 (27.7) 22 (14.7) 11 (47.8) 22 (21.0) 4 (30.8)

�p, chi-squared test 0.12 <0.001c 0.25

IQR = interquartile range; VKA = vitamin K antagonists.
aMultivessel dissections were excluded from this patient profile (n = 13).
bMultivessel dissections were excluded from these two subgroups (n = 13).
cStatistically significant.

May 2024 891

Kaufmann et al: Analysis of TREAT-CAD Trial

 15318249, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ana.26886 by B

cu L
ausanne, W

iley O
nline L

ibrary on [03/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



TABLE 3. Baseline Characteristics of the Patient Profiles

Characteristic

Patient profiles

Multivessel Dissection Age Sex

Subgroups

No Yes

Younger than
the Median,
≤47 Years

Older than the
Median, >47 Years Female Male

Patients, n 160 13 88 85 63 110

Age, years, median (IQR) 47.00

(38.00–53.25)

51.00

(39.00–59.00)

38.00

(32.00–43.00)

54.00

(51.00–59.00)

41.00

(34.00–48.50)

50.50

(41.25–56.75)

Female, n (%) 58 (36.2) 5 (38.5) 43 (48.9) 20 (23.5) 63 (100.0) 0 (0.0)

Male, n (%) 102 (63.7) 8 (61.5) 45 (51.1) 65 (76.5) 0 (0.0) 110 (100.0)

Internal carotid artery

dissection, n (%)a
105 (65.6) 0 (0.0) 42 (47.7) 63 (74.1) 33 (52.4) 72 (65.5)

Vertebral artery dissection,

n (%)a
55 (34.4) 0 (0.0) 41 (46.6) 14 (16.5) 25 (39.7) 30 (27.3)

Multivessel dissection; no,

n (%)

160 (100.0) 0 (0.0) 83 (94.3) 77 (90.6) 58 (92.1) 102 (92.7)

Multivessel dissection; yes,

n (%)

0 (0.0) 13 (100.0) 5 (5.7) 8 (9.4) 5 (7.9) 8 (7.3)

Occlusion; no, n (%) 105 (66.0) 12 (92.3) 62 (70.5) 55 (65.5) 44 (71.0) 73 (66.4)

Occlusion; yes, n (%) 54 (34.0) 1 (7.7) 26 (29.5) 29 (34.5) 18 (29.0) 37 (33.6)

Cerebral ischemia; no, n (%) 52 (32.5) 3 (23.1) 28 (31.8) 27 (31.8) 21 (33.3) 34 (30.9)

Cerebral ischemia; yes,

n (%)

108 (67.5) 10 (76.9) 60 (68.2) 58 (68.2) 42 (66.7) 76 (69.1)

Time from symptom onset

to start of allocated

treatment, days, mean (IQR)

6.86 (4.56) 7.23 (3.42) 6.69 (4.38) 7.08 (4.59) 6.52 (4.36) 7.09 (4.54)

Acute recanalization therapy;

no, n (%)

140 (87.5) 10 (76.9) 78 (88.6) 72 (84.7) 55 (87.3) 95 (86.4)

Acute recanalization therapy;

yes, n (%)

20 (12.5) 3 (23.1) 10 (11.4) 13 (15.3) 8 (12.7) 15 (13.6)

Intracranial extension; no,

n (%)

114 (71.2) 12 (92.3) 67 (76.1) 59 (69.4) 46 (73.0) 80 (72.7)

Intracranial extension;

yes, n (%)

46 (28.7) 1 (7.7) 21 (23.9) 26 (30.6) 17 (27.0) 30 (27.3)

Mural hematoma; no, n (%) 8 (5.0) 0 (0.0) 5 (5.7) 3 (3.5) 2 (3.2) 6 (5.5)

Mural hematoma; yes, n (%) 152 (95.0) 13 (100.0) 83 (94.3) 82 (96.5) 61 (96.8) 104 (94.5)

Aspirin, n (%) 83 (51.9) 8 (61.5) 44 (50.0) 47 (55.3) 35 (55.6) 56 (50.9)

Anticoagulants [VKA],

n (%)

77 (48.1) 5 (38.5) 44 (50.0) 38 (44.7) 28 (44.4) 54 (49.1)

�p, chi-squared test 0.70 0.59 0.67

Primary endpoint; no, n (%) 131 (81.9) 9 (69.2) 75 (85.2) 65 (76.5) 52 (82.5) 88 (80.0)

Primary endpoint; yes,

n (%)

29 (18.1) 4 (30.8) 13 (14.8) 20 (23.5) 11 (17.5) 22 (20.0)

�p, chi-squared test 0.28 0.20 0.84

IQR = interquartile range; VKA = vitamin K antagonists.
aMultivessel dissections were excluded from these two subgroups (n = 13).
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stroke—had decreased odds of clinical or MRI outcomes
when treated with vitamin K antagonists (relative risk
reduction of 67% albeit with a large CI of 4–89%) compared
to those treated with aspirin. This differential treatment effect
in favor of anticoagulation was more pronounced in presum-
ably higher risk patients presenting with cerebral ischemia.
Again, reasons for this finding remain to be determined.
However, our results suggest that mechanisms of (thrombo-)

embolism from the arterial lesion in patients with patent
dissected artery28 might resemble those in cardioembolic
stroke, in which anticoagulation has been shown superior
to aspirin.29 These findings are particularly important, as
both in our study and in prior large observational cohorts9

roughly two thirds of cervical artery dissection patients
had a patent artery. Thus, these findings potentially mat-
ter for the large majority of the affected population.

TABLE 4. Baseline Characteristics of the Patient Profiles

Characteristic

Mural Hematoma

No Yes

Patients, n 8 165

Age, years, median (IQR) 41.50 (34.75–51.00) 47.00 (38.00–54.00)

Female, n (%) 2 (25.0) 61 (37.0)

Male, n (%) 6 (75.0) 104 (63.0)

Internal carotid artery dissection, n (%)a 4 (50.0) 101 (61.2)

Vertebral artery dissection, n (%)a 4 (50.0) 51 (30.9)

Multivessel dissection; no, n (%) 8 (100.0) 152 (92.1)

Multivessel dissection; yes, n (%) 0 (0.0) 13 (7.9)

Occlusion; no, n (%) 5 (62.5) 112 (68.3)

Occlusion; yes, n (%) 3 (37.5) 52 (31.7)

Cerebral ischemia; no, n (%) 1 (12.5) 54 (32.7)

Cerebral ischemia; yes, n (%) 7 (87.5) 111 (67.3)

Time from symptom onset to start of
allocated treatment, days, mean (IQR)

7.88 (3.56) 6.84 (4.52)

Acute recanalization therapy; no, n (%) 7 (87.5) 143 (86.7)

Acute recanalization therapy; yes, n (%) 1 (12.5) 22 (13.3)

Intracranial extension; no, n (%) 4 (50.0) 122 (73.9)

Intracranial extension; yes, n (%) 4 (50.0) 43 (26.1)

Mural hematoma; no, n (%) 8 (100.0) 0 (0.0)

Mural hematoma; yes, n (%) 0 (0.0) 165 (100.0)

Aspirin, n (%) 2 (25.0) 89 (53.9)

Anticoagulants [VKA], n (%) 6 (75.0) 76 (46.1)

�p, chi-squared test 0.15

Primary endpoint; no, n (%) 4 (50.0) 136 (82.4)

Primary endpoint; yes, n (%) 4 (50.0) 29 (17.6)

�p, chi-squared test 0.04

IQR = interquartile range; VKA = vitamin K antagonists.
aMultivessel dissections were excluded from these two subgroups (n = 13).
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Reassuringly, prior concerns that anticoagulation
might cause clinically relevant hemodynamic compromise
of the dissected artery by enlargement of the mural hema-
toma25 are not supported by our findings.

Interestingly, the aforementioned beneficial effect of
anticoagulation was more pronounced if participants with
a patent artery had presented with cerebral ischemia.
These findings support the prognostic importance of cere-
bral ischemia at baseline. In CADISS, all outcome
events—irrespectively of the treatment group—occurred
in participants in whom the presenting symptom was

stroke.6 In TREAT-CAD, 32 of 33 participants with out-
come events already presented with cerebral ischemia at
baseline.8 Although across all participants presenting with
cerebral ischemia, the risk for outcomes did not differ con-
siderably between those treated with aspirin and those
treated with anticoagulation, anticoagulation might be
beneficial for participants presenting with cerebral ische-
mia who had a patent dissected artery.

Observational studies30 as well as both randomized
controlled trials (TREAT-CAD and CADISS)6,8 have
shown that stroke preferentially occurs (or recurs) very

FIGURE 2: Subgroup analysis of the per protocol population. Results of the per protocol analysis are given as odds ratios (black
points) with 95% confidence interval (CI; black lines) for the primary endpoint (the composite of clinical [ischemic stroke, major
extracranial or intracranial hemorrhage, death] and magnetic resonance imaging outcomes [new ischemic or hemorrhagic brain
lesions]). *Data missing for one participant. **Multivessel dissections excluded in this patient profile (n = 13). ASA = aspirin,
VKA = vitamin K antagonists.
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early after diagnosis (ie, hours to a few days), indicating
the clinical importance of rapid antithrombotic protec-
tion for stroke prevention. In our study, among partici-
pants presenting with cerebral ischemia and early start
of antithrombotic treatment, the use of anticoagulation
seemed superior to the use of aspirin. This finding
stresses the assumption of a notable benefit of anti-
coagulation over aspirin among patients presenting with
cerebral ischemia in whom early anticoagulation is
feasible.

Patients with stroke attributable to cervical artery
dissection and intracranial extension might develop sub-
arachnoid hemorrhage while under anticoagulation.5

Thus, anticoagulation has not been recommended in such
patients due to safety concerns.25 Interestingly, our study
did not support this concern, as participants treated with
either aspirin or anticoagulation did not differ in the fre-
quency of outcomes (neither ischemic nor hemorrhagic),
which is also in line with a prior single-center observa-
tional study.24 Of note, TREAT-CAD did not include

FIGURE 3: Subgroup analysis of the participants presenting with cerebral ischemia. Results of the per protocol analysis are given
as odds ratios (black points) with 95% 95% confidence interval (CI; black lines) for the primary endpoint (the composite of clinical
[ischemic stroke, major extracranial or intracranial hemorrhage, death] and magnetic resonance imaging outcomes [new ischemic
or hemorrhagic brain lesions]). *Data missing for one participant. **Multivessel dissections excluded in this patient profile
(n = 13). ***We provide descriptive figures for the subgroup without mural hematoma, as there are too few participants and
endpoints in this subgroup for an informative odds ratio. VKA = vitamin K antagonists.
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patients with purely intracranial dissections, for which our
data do not provide any information. However, and clini-
cally more importantly, our subgroup analysis indicated
that participants presenting with cerebral ischemia who
had no extension intracranially seemed to have an advan-
tage with anticoagulation compared to aspirin.

Our analyses also indicated that significantly more
outcomes occurred in participants who had received acute
recanalization therapies than in those without (see
Table 1). These findings must be interpreted cautiously.
As only more severely affected patients with higher risk of
recurrent events had acute recanalization therapies,18 our
findings are likely to be influenced by selection bias.

We are aware of several limitations. First, due to the
limited number of participants, the TREAT-CAD trial was
not powered for subgroup analyses, and we did not adjust
for multiple statistical testing. This diminishes the validity
of our results and leaves potentially important treatment
effects undetected. Furthermore, interdependence between
patient profiles is possible but could neither be confirmed
nor excluded, because our sample size disallowed such ana-
lyses. In addition, the subgroups were not prespecified nor
stratified for in the randomization process of the main trial.
Furthermore, we did not include imaging features (includ-
ing infarct pattern, degree of stenosis, recanalization) other
than occlusion or mural hematoma at baseline in our ana-
lyses. Moreover, the clinical meaning of MRI outcomes
without accompanying clinical symptoms is controversial,31

although imaging outcomes had been used as surrogates for
clinical outcomes in prior studies.32–35 Therefore, we urge a
cautious interpretation of our findings, which primarily
should be considered hypothesis-generating. Moreover, we
could test neither direct oral anticoagulants with their more
attractive risk–benefit profile proven at least in car-
dioembolic stroke36 nor dual antiplatelets. The latter had
been reported to be superior to aspirin alone in (1) partici-
pants with transient ischemic attacks or mild strokes37,38

and (2) reducing embolic signals at least in carotid stenosis
of atherosclerotic origin,39 and might increasingly also be
used in dissection patients,3 as also discussed in a recent
guideline.2

The strengths of this subgroup analysis include the
underlying dataset derived from a randomized controlled
trial in which risk of bias in treatment allocation is signifi-
cantly reduced compared to observational studies. Further-
more, including only the per protocol population of the
TREAT-CAD trial ensures that our findings are based
solely on participants with a verified diagnosis of cervical
artery dissection. The blindly assessed, monitored, and
centrally adjudicated outcomes increased the validity of
our data. The baseline characteristics of our study popula-
tion resemble those of large observational cohorts of

patients with cervical artery dissections.9,40 Thus, our
results seem generalizable to patients with cervical artery
dissection, including those outside a clinical trial
population.

In conclusion, anticoagulation might be preferable
in patients with cervical artery dissection presenting with
ischemia and no occlusion or no intracranial extension of
the dissection. Due to the explorative study design, these
findings need confirmation.
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